purpose of this study was to examine differences in the prevalence of lifestyle risk factors for type 2 diabetes between two provincewide samples of Alberta adolescents in grades 7 to 10, one surveyed in 2005 and the other in 2008.
METHODS

Participants and procedure
In 2005 and 2008, students in grades 7-10 (aged [11] [12] [13] [14] [15] [16] in Alberta were recruited to participate in the Web Survey of Physical Activity and Nutrition (Web-SPAN). The methods for study have been described previously. 17, 18 This survey was a self-administered, webbased questionnaire that assessed dietary and physical activity patterns and social and environmental determinants of these behaviours. Recruitment protocols differed slightly between the two data collection periods. In 2005, all Alberta School Boards were invited to participate and 7 schools per board were randomly selected for the study. In 2008, schools were randomly selected from a list of all Alberta schools. In both 2005 and 2008, information about the study was mailed to selected school boards and schools. Participation was subsequently requested by telephone. Active parental consent and student assent were obtained. The Web-SPAN was conducted during school time and took approximately 45 minutes to complete. In 2005, the school board, school and student response rates were 75%, 37% and 27%, respectively and in 2008, response rates were 64%, 40% and 44%. The student response rate was significantly higher in 2008 due to the participation of several schools whose administration invested extra effort into recruitment for this study. Ethical approval was obtained from the University of Alberta.
Measures
Demographic and Anthropometric Characteristics
Median neighbourhood income of schools was determined by matching 2006 Canadian census data to each school using postal codes. 19 Students entered self-reported height and weight into the Web-SPAN and BMI (kg/m 2 ) was calculated.
Dietary Intake
Dietary intake of participants was measured using a validated webbased 24-hour recall tool: the Food Behaviour Questionnaire. 20 No changes were made to this tool between 2005 and 2008 . Students recorded all food and beverages consumed in the previous day, choosing from a list of over 800 foods. Cues were provided for portion sizes and students were prompted to record foods often missed. Dietary intake data were analyzed using the ESHA Food Processor (version 7.9, ESHA Research, Salem, OR) and the 2001 Canadian Nutrient File 21 database. Food group intake according to Canada's Food Guide 22 was calculated. To calculate dietary GI and GL, each carbohydrate-containing food in the Web-SPAN database was assigned a GI score based on published values. Daily dietary GI and GL were calculated by a method described previously. 23 
Physical Activity
Physical activity was assessed using an online version of the Physical Activity Questionnaire for Older Children (PAQ-C). Physical activity levels were determined based on self-reported activities performed in the last 7 days. The PAQ-C scores range from 1 to 5 with 1 being least active and 5 being most active. 24 
Defining Risk Factors
Major dietary and physical activity risk factors for diabetes and cutoffs for identifying those at risk were determined using literature searches. Evidence was drawn from large epidemiological studies of diabetes risk. [4] [5] [6] [7] [8] [9] [10] 18, 25, 26 Wherever possible, studies of children and youth were evaluated, 18, 25, 26 but these were limited in number. Dichotomous variables (at risk or not at risk) for each risk factor were constructed based on levels of dietary intake that were significantly related to risk of developing diabetes. Studies referenced and cut-offs used are found in Table 1 . Risk factors identified included overweight, obesity, high GI, high GL, low fibre, low magnesium, low vegetable and fruit intake, high fat intake and low physical activity levels.
Statistical analysis
Predetermined criteria from the 2005 survey were used to identify and remove outliers from the database. Those removed from analysis included students who signed onto but did not complete any Characteristics of participants were assessed using descriptive statistics and differences between boys and girls were determined using independent sample t-tests. The frequency of each diabetes risk factor was assessed using descriptive statistics. Differences in the proportion of participants reporting risk factors between 2005 and 2008 were determined using chi-square tests. As a follow-up, specific risk factors were tested as dependent variables in a series of logistic regression models to determine whether differences in risk factor presence between 2005 and 2008 remained after accounting for age and median income quintiles.
The total number of risk factors was calculated for each participant. For the risk factors of overweight and obesity, overweight individuals were considered to have one risk factor and obese individuals were considered to have two risk factors due to their weight status (i.e., they were considered both overweight and obese). Intraclass correlations (ICC) were calculated using Restricted Maximum Likelihood Estimation (REML) for the total number of risk factors to examine whether school clustering was present. ICCs of 0.040 for the entire sample, 0.029 for 2005 and 0.032 for 2008 were calculated, indicating that a very small level of clustering was present. Therefore, linear mixed-modelling (LMM) was used to account for clustering. The intercepts-only model showed that school clustering had a modest effect on the number of risk factors (p<0.001), therefore clustering was included in the final model. To reduce collinearity, the continuous variables of age and income were centred about the grand mean. This was not done for sex and year. Median neighbourhood income was considered a level two factor compared to year, sex, and age which were level one factors. All statistical analyses were performed using SPSS statistical software (Version 19.0.0.1; SPSS Inc, Chicago).
RESULTS
In total, 4,936 students from 136 schools within 44 school boards participated in this study in 2005 and 5,119 students from 109 schools in 37 school boards participated in 2008 (Table 2a) from carbohydrate, % energy from protein, fibre and vegetable and fruit intakes were higher in 2008 (Table 2a) . When demographic variables were separated by sex, several significant differences between the genders were observed (Table 2b) . At both time points, boys had greater BMIs, total energy, % fat, % protein, GI, GL, fibre, magnesium and vegetable and fruit intakes and had higher physical activity scores compared to girls. Girls had a greater % of energy coming from carbohydrate.
When risk factor cut-offs were applied (Table 3a) , there was a lower proportion of youth with the risk factors of overweight, obesity, high GI diets, high GL diets, high fat diets, low fibre diets and low vegetable and fruit intake in 2008 compared to 2005. No differences existed in the proportion of youth consuming low magnesium diets or having low levels of physical activity. When the results were separated by sex (Table 3b ), a lower proportion of boys had the risk factors of overweight, obesity, high GI and high GL in 2008 compared to 2005. A lower proportion of girls had the risk factors of high GI, high GL, low fibre, low magnesium and high fat in 2008 compared to 2005. When the risk factors were tested to determine whether these differences between 2005 and 2008 remained after accounting for age and median income quintiles, results showed that all differences persisted with the exception of magnesium (Table 4) , which was no longer different between 2005 and 2008 after accounting for age and income. Contrary to the results of chi square tests, year and sex were significantly related to physical activity score in the logistic regression model, with girls, and those surveyed in 2005 being more likely to have low physical activity levels. Further, compared to the highest income category, participants in the bottom 3 income quintiles were at higher risk of inactivity.
The mean total number of risk factors (Figure 1) .001 for both years). When a REML LMM was applied to determine whether the differences observed persisted after accounting for differences in age, sex and income, this pattern was unchanged (p<0.001). However, each year of age was associated with an increase in the mean number of risk factors. School area income was also related to the total number of risk factors, with a higher number of risk factors being associated with a lower mean income.
DISCUSSION
This study examined the presence of diabetes risk factors in large samples of Alberta adolescents in 2005 and 2008 and found that the prevalence of many of these risk factors was high. However, independent of demographic differences between the samples, the prevalence of several diabetes risk factors decreased from 2005 to 2008. Food and nutrient intakes observed were similar to intakes observed in other North American studies of youth. 29, 30 We found that dietary risk factors for type 2 diabetes are highly prevalent in Alberta adolescents. The most commonly reported dietary risk factors were high GI and GL diets, low fibre intakes and low magnesium intakes -all of which indicate that the diets of youth are low in vegetables, fruit and whole grains. These results are concerning as low GI, high fibre foods help to prevent obesity, 31 and contain many beneficial vitamins, minerals and antioxidants; 32 all of which may help to decrease diabetes risk.
Over 50% of youth in the current study were considered inactive which is consistent with the findings of other studies of Canadian youth using the PAQ-C. 33 Low levels of physical activity are concerning as physical activity decreases diabetes risk both by helping to regulate body weight and body composition and by increasing insulin sensitivity, 34 and is critical to the prevention of many other chronic diseases.
Students in low SES-area schools were more likely to be physically inactive and have a greater number of risk factors. Studies of the effects of SES on Canadian youth consistently show strong effects of SES on health behaviours. 35 In the current study, SES was measured using postal codes; an imprecise method which does not capture individual variation in SES. However, the link between SES and health behaviours was identified even when using an imprecise measure, suggesting that SES may be of greater importance than demonstrated in this study. Previous studies show that school community SES affects the health behaviours of youth independently of individual SES, likely due to obesogenic environments of low SES neighbourhoods. 35 Independent of differences in demographic characteristics, boys were less likely to have the risk factors of overweight, obesity, high GI and high GL, and girls were less likely to have the risk factors of high GI, high GL, low fibre and high fat in 2008 compared to 2005. In addition, the total number of risk factors decreased for both boys and girls between 2005 and 2008. This suggests that the diets of youth in Alberta have shown modest improvement. Physical activity levels of youth did not change during this time period. This lack of change in physical activity levels may confirm previous reports that school physical activity programs were poorly implemented, 13 or that the PAQ-C was unable to detect the changes. Although the cause(s) of these dietary changes over time cannot be established from this study due to the lack of a control group, several changes happened between 2005 and 2008 in Alberta that may have contributed to this trend. During this time, many school boards adopted school food policies, schools became engaged in programs that took a Comprehensive School Health approach, [11] [12] [13] [14] and the problem of obesity in childhood and adolescence was widely publicized; all of which may have contributed to the changes observed.
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CHANGES IN DIABETES RISK FACTORS IN YOUTH
Canadian studies that examined the effects of school policies and comprehensive school health initiatives have shown significant effects on the health behaviours of youth. One study assessed the effect of school food policy changes in Prince Edward Island on the dietary choices of youth in grades 5-6 by measuring dietary intake before (2001/2002 ) and one year after policy implementation (2007) . This study showed that youth consumed approximately one fewer serving of low-nutrient dense food per day post intervention. 16 An Alberta study evaluated the effects of the APPLE Schools program (a comprehensive school health intervention). Students in APPLE schools ate more vegetables, fewer calories, were more physically active and were less likely to be obese in 2010 compared to 2008. 15 The magnitudes of the changes observed in the current study are comparable to changes seen in the policy study. It is plausible that changes in the current study were the result of changes in health policies and programs, but as participation in these programs was not measured in this study, definitive conclusions cannot be made. Other explanations for this difference could include the effect of the growing awareness of obesity in Alberta adolescents on their health behaviours. It is also possible that these differences were caused by increasing interest in adolescent health which led to increased response bias in 2008. The higher student response rate and higher SES seen in 2008 may be evidence of this. Further study is needed to determine whether positive lifestyle changes occurred in Canadian youth. Studies that track possible causes of these changes would allow Canadian school administrators and public policy makers to pinpoint effective interventions for more extensive implementation across Canada.
Strengths of this study include the large samples and use of validated tools to assess dietary intake and physical activity. Few Canadian studies of this size have evaluated the lifestyles of youth or followed changes over time. Although sampling techniques differed slightly between 2005 and 2008, both appeared to be fairly representative of Alberta youth. The convenience sampling method used is subject to volunteer bias, which may have affected study results. Schools and students interested in health may have been more likely to participate and improvements in dietary patterns may have been more likely to happen in this population. The survey did not assess ethnicity or family history of diabetes, which are important diabetes risk factors. However this study aimed to examine modifiable lifestyle risk factors to determine opportunities for prevention. Finally, cut-offs for diabetes risk were based on values from adult literature and it is not known how appropriate these cut-offs are for youth.
In conclusion, this study showed that current dietary intake and physical activity patterns among Alberta youth could increase risk 
